Essential oil from the fresh leaf of Zanthoxylum armatum, collected from the different regions of Himachal Pradesh, India, was obtained by hydrodistillation. The main constituents of essential oil, as well as locational and seasonal change in its composition have been determined by GC-FID and GC-MS techniques. Thirty-five constituents, making up about 93.1-99.4% of the total composition of oil, were characterized. Among all the characterized components, non-terpenic hydrocarbons (2-undecanone and (E)-2-decanal), oxygenated monoterpenes (linalool, 1,8-cineol and α-terpineol) and monoterpene hydrocarbons (β-phellandrene, α-pinene, sabinene and β-myrcene) contribute to major proportion of oil. Further, principal component analysis was carried out to distinguish the variation of essential oil composition among the collected samples in summer and winter season. Based on the cluster separation, five chemotypes were identified, representing β-phellandrene/2-undecanone; linalool/2-undecanone; linalool; 2-undecanone; 2-undecanone /1,8-cineol.
The essential oil contents in Z. armatum leaves varied from 0.1 to 0.4% (v/w) among samples of different regions. The maximum yield of oil was observed in Banzar sample (ZALJ-5, 0.43%) during summer, while minimum content of oil in Sihunta (ZALD-4, 0.1%) was observed during winter. The analyzed samples of Z. armatum revealed higher essential oil yield in summer (when the plants fully grow and bloom) as compared to winter (when the plant reach the end of growing stage). In previous studies, Luong et al. recorded 0.52% of oil yields in dried leaves of Z. armatum while Weyerstahl et al. recorded 0.5% oil content from fresh leaves of Z. armatum [7, 8] .
The percentage composition of essential oils analyzed by GC-FID and GC-MS method is given in Tables 1 and 2 . Altogether, thirtyfive components were identified in Z. armatum leaf essential oil, representing 93.1-99.4% of total oil. In all oil samples, oxygenated monoterpenes (0.7-77.2%), non-terpenic hydrocarbons (5.3-80.3%) and monoterpene hydrocarbons (2. .6%) contribute to major proportion of oil. The principal components identified in the oil samples were, 2-undecanone (5.1-80.1%), linalool (0. .9%), β-phelladrene (1.3-36.5%) and 1, 8-cineol (20.4-33 .7%) whereas α-pinene (0.2-10.3), sabinene (0.1-12.8%) β-myrcene (0.2-4.9%), (E)-2-decanal (0.2-7.6), α-terpineol (0.1-8.0%) and β-selinene (1.9-8.0%) were also present in significant amount. 2-Undecanone was the most dominant compound in all samples (5.1-80.1%) . Samples collected in winter contained relatively highest amount of 2-undecanone (33.0-61.5%), while linalool (0.8-67.9%) and β-phelladrene (1.3-36.5%) were the major constituents in summer. were recorded higher in samples collected in winter season (2.8-10.3% and 3.1-12.8% respectively) as compared with summer samples (0.3-3.5% and 0.1-1.7%, respectively).
A significant variation in essential oil composition was noticed in the present analyzed leaf samples. Content of 2-undecanone (summer-43.0%) was higher in ZALJ-1 compared with other components. β-Phellandrene (summer-36.5%), was the second major constituent of the essential oil of ZALJ-1. Comparative content of β-phellandrene (summer-20.6%), linalool (summer-20.2%) and 2-undecanone (summer-33.5%) were found in ZALJ-2. In the leaves essential oil of ZALJ-3, linalool (summer-34.4%) and 2-undecanone (summer-32.0%) were recorded as major components. Linalool (summer-58.2%) concentration was higher in ZALJ-4 while β-phellandrene (summer-12.9%) and (E)-2-decenal (summer-7.6%) were present in significant amount in the same sample. In ZALJ-5, the higher content of β-phellandrene (summer-17.5%)/ linalool (summer-67.9%) were observed. Linalool (summer-65.4%) and α-terpineol (summer-8.0%) were observed as main component of ZALJ-6. In contrast, 2-undecanone (summer-80.1%) and β-selinene (summer-8.0%) were main constituents in ZALJ-7. Additionally, equivalent amount of 2-undecanone (winter-35.6%) and 1,8-cineol (winter-33.7%) were detected in ZALD-6. Our results match well with the earlier reports on the essential oil composition of Z. armatum. Bisht and Chanotiya investigated the essential oil composition of Z. armatum leaf and reported 2-undecanone as major component followed by 2-tridecanone [6] . Gupta et al. studied altitudinal variation of essential oil content of leaves of male and female plants and found linalool (35.6-10.0%) and limonene (10.0%) were major constituent with significant altitudinal variation [11] . The leaf oil of Z. armatum from Vietnam was is dominated by 1, 8-cineol (41.0%) , other constituents such a sabinene (8.4%), β-terpineol (2.1%), linalool (4.5%), terpinen-4-ol (5.2%), α-terpineol (4.1%), β-cymene (1.3%), 2,6-dimethyl-1,3,5,7-octatetraene (1.5%) and 2-tridecanone (1.8%) were present in significant quantity [8] . The essential oil of Z. armatum seeds from northern India revealed the presence of linalool (71.0%) as major component, followed by limonene (8.2%), β-phellandrene (5.7%) and (Z)-methylcinnamate (4.9%) [12] .
Next, the eighteen components of the oils were submitted to principal component analysis (PCA) to distinguish compositional patterns (Figure 1) . The first two principal component (PC-1 and 2) explained 87.5% variance. PC-1 and PC-2 accounted for 74.6% and 12.9% variance, respectively. PC-1 clearly distinguished the 2-undecanone and linalool rich samples because of positive loading of 2-undecanone and negative loading of linalool. While, PC-2 mainly separated the β-phelladrene, 1,8-cineol, linalool and 2-undecanone rich samples due to positive loading of β-phelladrene and 1,8-cineol and negative loading of linalool and 2-undecanone. The clusters observed in score plot could be divided into five distinct groups. Group1 (ZALJ-1, ZALD-3 and ZALD-4): β-phellandrene 12.8-36.5%)/2-undecanone (33.0-43.0%) chemotype-1; Group 2 (ZALD-5, ZALJ-2 and ZALJ-3): linalool (20.2-34.4%)/2-undecanone (32.0-42.6%) chemotype-2; Group 3 (ZALJ-4, ZALJ-5 and ZALJ-6): linalool (58.2-67.9%) chemotype-3; Group 4 (ZALJ-7, ZALD-2 and ZALD-7): 2-undecanone (51.9-80.1%) chemotype-4; Group 5 ZALD-6: 2-undecanone (35.6%)/1,8-cineol 33.7%) chemotype-5) (Table 3 ).
In conclusion, a significant variation of oil was recorded regarding essential oil content and its major constituents among the different location of Himachal Pradesh, India. 2-Undecanone, linalool, β-phellandrene and 1,8-cineol were found to be the main components of the oil whereas α-terpineol, (E)-2-decanal, α-pinene, sabinene, β-myrcene and β-selinene are also detected in significant amount. Based on the major constituents five distinct chemotype were observed; ZALJ-1, ZALD-3 and ZALD-4: β-phellandrene (12.8-36 .5%)/2-undecanone (33.0-43.0%) chemotype-1; ZALD-5, ZALJ-2 and ZALJ-3: linalool (20.2-34.4%)/2-undecanone (32.0-42.6%) chemotype-2; ZALJ-4, ZALJ-5 and ZALJ-6: linalool (58.2-67.9%); ZALJ-7, ZALD-2 and ZALD-7: 2-undecanone (51.9-80.1%) chemotype-4; Group 5 ZALD-6: 2-undecanone (35.6%)/1, 8-cineol (33.7%) chemotype-5) . Moreover, our study revealed that the presence of linalool, 2-undecanone and β-phellandrene as high content which has not been found previously for Z. armatum leaves. 
Experimental

Extraction of oil:
A Clevenger apparatus was used for the extraction of essential oil from fresh leaves of Z. armatum and subjected to hydro-distillation for about 4 hours. The oil was then separated from water, measured and dried over anhydrous sodium sulfate (Na 2 SO 4 ) and stored in vials at [4] [5] [6] o C for further analysis.
Analysis:
The composition of the oils were evaluated by gas chromatography (GC) on a Shimadzu GC 2010 equipped with a DB-5 (J&W Scientific, Folsom, USA) fused silica capillary column (30 m × 0.25 mm, i.d.;0.25 μm film thickness) with a flame ionization detector (FID). The GC oven temperature was programmed at 40°C (initial temperature) for 4 minutes and then at a rate of 4°C/minute to 220°C and held for 15 minutes. The injector temperature was 250°C, detector temperature was 250°C, and the samples were injected in split mode. The carrier gas was nitrogen at a column flow rate of 1.24 mL/minute (87.9 kPa). GC-MS analysis was carried out on a Shimadzu QP 2010 GC-MS system equipped with a DB-5 capillary column (30 m × 0.25 mm, 0.25 mm film thickness) from SGE, Australia; carrier gas, helium, at a flow rate of 1.28 mL/min.; split ratio of 10; ionization energy, 70 eV; ion source temperature, 200ºC; injector temperature, 250ºC. Oven temperature was programmed as follows: initially at 40 o C for 4 min., rising at 4ºC/min to 220 ºC and then held isothermal (4 min.) at 220ºC.
Statistical analysis:
Multivariate principal component analysis (software PAST3) was used to explain the similarities and variations of essential oil composition among the collected samples of Z. armatum.
Compound identification: Essential oil constituents were identified by comparison of their retention indices, library search of National Institute of Standards and Technology (NIST) database and mass fragmentation pattern with those reported in literature [13] . Retention indices were determined using homologous series of nalkanes (C8-C21) on the DB-5 capillary column.
